Abstract. Preharvest germination (viviparity) can be a problem with nuts of pecan [Carya illinoinensis (Wangenh.) K. Koch]. Two southern-adapted cultivars ('Cherokee' and 'Wichita') and one northern-adapted cultivar ('Johnson') were paternal parents in controlled crosses with the maternal parent 'Wichita'. 'Wichita' x 'Johnson' seed took much longer to germinate than seed from either the 'Wichita' x 'Cherokee' cross or the 'Wichita' self, therefore indicating that pollen source may influence germination characteristics.
; keeping quality (Nebel, 1936) ; and shell splitting (Whitehouse et al., 1964) .
"Northern" pecan cultivars are adapted to a shorter growing season (160 to 180 days) as compared to 190 to 220 days for "southern" cultivars (Malstrom et al., 1978) . Also, Madden and Tisdale (1975) reported that chilling and stratification were needed to after-ripen seeds of some northern cultivars; although after-ripening was not necessary, it promoted the rate of germination. Conversely, most southern cultivars will easily germinate without stratification. This difference raises the possibility that northern cultivars (those with parentage from the northern portion of the natural range of pecan) are relatively resistant to viviparity. This northern-southern relationship suggests genetic control over viviparity. Such control of viviparity has been shown in Arabidopsis thaliana L. to occur via a single gene that minimizes abscisic acid (ABA) production in the developing embryo (Karssen, et al., 1983) . Endosperm (maternal) ABA was not closely related to the phenomena, whereas embryo ABA (regulated by both the female and male genome) was closely related to premature germination. Therefore, Bruce Wood (personal communication) postulated that a) similar mechanisms are likely to occur in other plant species; b) pecan pollen from northern genotypes (as compared to southern) are more likely to possess genes that act to maximize ABA in embryos because of strong selection pressure against seeds in which dormancy could be prematurely satisfied (this selection pressure would likely be much less intense in southern germplasm); and c) in general, fertilization with northern pollen would act to reduce the occurrence of viviparity via enhanced embryonic ABA levels. This study therefore presents data supporting the hypothesis that viviparity can be regulated by pollen source.
Materials and Methods
The effect of pollen parent on delayed nut germination was studied in the Royalty Pecan Orchard in Burleson County, Texas. Parental parents consisted of two "southern-adapted" viviparous-prone cultivars ['Cherokee' (protandrous Type I) and 'Wichita' (protogynous Type II)] and one "northernadapted" nonviviparous-prone cultivar ['Johnson' (Type II)]. The maternal parent for all crosses was 'Wichita'.
Four 'Wichita' trees were selected for pollination with each of the three pollen sources. Each tree served as a replication. The pistillate blossoms were covered with cellulose bags (3.8 × 15 cm) as soon as the blossoms were visible and before there was any evidence of stigma receptivity. The bags were tied in place over a layer of cotton wrapped around the stem just below the inflorescence to ensure that pistillate flowers were not pollinated with an unexpected pollen source (Smith and Romberg, 1940) .
Catkins were collected and placed on brown paper 2 or 3 days before natural dehiscence and dried for several days. Pollen was cleaned by passing through a 0.074-mm sieve. A small amount of pollen of the desired male parent was injected through a needle inserted through the cotton plug described above. Flowers were pollinated twice at 3-day intervals to ensure the presence of viable pollen at stigma receptivity.
Bags were removed ≈30 days after pollination. Thirty days has been used by U.S. Dept. of Agriculture pecan breeders for many years because it prevents pecan nut case bearer damage. Normal commercial pesticide sprays were used on all trees. The number of fruit was counted 30 and 60 days after pollination. 'Wichita' fruit were harvested just before perianth splitting, i.e., when the perianth had separated from the shell to the extent that markings were present on the shells. This extremely early harvest, although atypical by commercial standards, was necessary to capture all of the fruit at the critical stage when each fruit serves as its own incubation chamber. Twenty nuts were selected from each of four 'Wichita' trees that had been hand-pollinated with either 'Cherokee', 'Wichita', or 'Johnson' pollen. There was a total of 20 nuts from each cross from each of four replications, for a total of 80 nuts. The experiment was repeated a second year using the same trees in the same orchard. Harvested fruit were placed in polyethylene bags of vermiculite moistened with 0.05% a.i. cis-N-tricloromethylthio-4-cyclohexene-1,2-dicarboximide (Captan) fungicide and then incubated at 25C and observed for germination characteristics. Germination data were recorded for 60 days at 5-day intervals. Germination was noted when the radicle emerged from the involucure.
Results and Discussion
Germination of nuts from the 'Wichita' x 'Johnson' cross as compared to the 'Wichita' x 'Cherokee' cross was much less for both Preharvest germination (i.e., viviparity) is a serious problem for many pecan cultivars growing in the southwestern United States and northern Mexico (Brison, 1974; Zertuche, 1986) . Viviparity usually destroys nut quality and renders nuts unmarketable. The degree of viviparity varies as a result of crop load (Finch and Van Horn, 1936; Stein, 1985; Zertuche, 1986) , irrigation (L.W. Shreve, personal communication), tree crowding, or soil depth (G.R. McEachern, personal communication), and length of growing season (Finch, 1933) . He reported that the longer the nuts remained on the tree, the greater the proportion of nuts germinating before harvest. Pollen source has been observed to influence fruit characteristics in relation to time of maturity (Swingle, 1928) ; shape (Uppal and Mukherjee, 1969) ; size (Iyer and Randhawa, 1965; Nixon, 1928 Nixon, , 1935 Uppal and Murkherjee, 1969) ; number of seeds per fruit (Iyer and Randhawa, 1965) ; germination (Avramov and Telenkovic, 1961) ; quality, color, time of fruit ripening (Nixon, Received for publication 10 June 1994. Accepted for publication 15 June 1994. Part of a dissertation submitted by Shyi-Kuan Ou in partial fulfillment of the requirements for the PhD degree. Research supported in part by the Council of Agriculture, Executive Yuan, Republic of China. Research also supported by U.S. Dept. of Agriculture Hatch Act Funds and the Texas Agricultural Experiment Station. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. years (Table 1) . 'Johnson' pollen delayed germination of 'Wichita' nuts on all dates compared with 'Wichita' and 'Cherokee' pollen (Table 1 ). This delayed germination may possibly be caused by the manifestation of a dormancy-related characteristic that may be typical of northern cultivars.
These data indicate that germination of 'Wichita' nuts was influenced by some dominant genetic factor associated with the 'Johnson' pollen. If this result can be repeated with other northern-and southern-adapted cultivars, it may be taken as evidence that the viviparity problem typically exhibited by cultivars adapted for growing in mild or subtropical climates may be potentially neutralized if trees are pollinated by northern-adapted parents or those possessing such genes. While these data do not provide direct evidence that viviparity can be regulated by genes associated with northern-adapted cultivars, there is evidence that postharvest germination is influenced in such a manner. It is reasonable to expect that there is a close relationship between these two situations; thus, the idea that viviparity can be decreased by pollen of northern-adapted cultivars remains viable. 
